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FOREWORD 

Tins Indian Standard (Part 4) was adopted by the Bureau of Indian Standards, after the draft Unalized by the 
Earthquake Engineering Sectional Committee had been approved by the Civil Engineering Division Council. 

Himal.ayan-Naga Lushai region, Indo-Gangetic Plain, Western India, Kutch and Kathiavvar regions are geologically 
unstable parts of the country where some devastating earthquakes of the world have occurred. A major part of 
the peninsular India has also been visited by strong earthquakes, but these were relatively few in number occurring 
at nuich larger time intervals at any site, and had considerably lesser intensity. The earthquake resistant design 
of structures, taking into account seismic data Ifom studies of these Indian earthquakes, has become very essential, 
particularly in view of heavy construction programme at present all over the country. It is to serve this purpose 
lliat IS 1893 : 1962 'Recommendations for earthquake resistant design of structures' was published and 
subsequently revised in 1966, 1970, 1975 and 1984, 

In view of the present state oT knowledge and in order to update this standard, the committee has decided to 
cover the provisions for different types of structures in separate parts. This standard has been split into five 
paits. Other parts in this series are : 

Part 1 General provisions and buildings 

Part 2 Eiquid retaining tanks-elevated and ground supported 

Part 3 I3ridges and retaining walls 

Part 5 I3ams and embankments 

Part 1 contains provisions that are general in nature and applicable to all types of structures. Also, it contains 
provisions tliat are specific to buildings only. Unless slated otherwise, the provisions in Part 2 to Pai1 5 sliail be 
read necessarily in conjunction with Part 1. 

this standard contains provisions on earthquake resistant design of industrial structures including stack-like 
structures. .Industrial structures are covered in Section 1 and Stack-like structures are covered in Section 2. 

All sub-clauses under the main clause 0.0 of IS 1893 (Part I) are also applicable to this part except the 0.4.1. 

In the preparation of this standard considerable assistance has been provided by BHEE, IIT Roorkee, IIT Bombay, 
irr Kanpur, Ml PC, EIL, TCE, DCE, MPC and various other organizations. 

For the purpose of deciding whether a particular requirement of this standard is coniplied with, the final value, 
obseived or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with 
IS 2 : 1960 Monies for rounding off numerical values {rcvised)\ The number of significant places retained in the 
rounded oif value should be the same as that of^the specified value in this standard. 
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Indian Standard 

CRITERIA FOR EARTHQUAKE RESISTANT 
DESIGN OF STRUCTURES 

PART 4 INDUSTRIAL STRUCTURES INCLUDING 
STACK-LIKE STRUCTURES 



1 SCOPE 



1.1 The industrial structures shall be designed and 
constructed to resist the earthquake effects in 
accordance with the requirements and provisions of 
this standard. This standard describes the procedures 
for earthquake resistant design of industrial structures. 
It provides the estimates of earthquake loading for 
design of such structures. 

1.2 All sub-clauses under 1 of IS 1893 (Part 1) are 
also applicable to this part except 1.1. 

1.3 This standard deals with earthquake resistant 
design of the industrial structures (plant and auxiliary 
structures) including stack-like structures associated 
with the following industries: 

a) Process industries; 

b) Power plants; 

c) Petroleum, fertilizers and petro-chemical 
industries; 

d) Steel, copper, zinc and aluminum plants; 

e) Pharmaceutical plants; 
1) Cement industries; 

g) Automobile industries; 

h) Sugar and alcohol industries; 

J) Glass and ceramic industries; 

k) Textile industries; 

m) Foundries; 

n) Electrical and electronic industries; 

p) Consumer product industries; j 

q) Structures for sewage and water treatment 
plants and pump houses; 

r) Leather industries; 

s) Off-shore structures and marine/port/harbour 
structures; 

t) Mill structures; 

u) Telephone exchanges; 

v) Water and waste water treatment facilities; and 

w) Paper plants. 

This standard shall also be considered applicable to 
the other industries not mentioned above. 



In addition to the above, the following structures are 
classified as stack-like structures and are covered by 
this standard: 

a) Cooling towers and drilling towers; 

b) Transmission and communication towers; 

c) Chimneys and stack-like structures; 

d) Silos (including parabolic silos used for urea 
storage); 

e) Support structures for refuiery columns, boilers, 
crushers, etc; and 

t) Pressure vessels and chemical reactor columns. 

2 REFERENCES 

The following standards contain provisions which, 
through reference in this text, constitute provisions of 
this standard. At the time of publication the editions 
indicated were valid. All standards are sul:)ject to 
revision and parties to agreements based on this 
standard are encouraged to investigate the possibility 
of applying the most recent editions of the standards 
indicated below: 

IS No. Title 

456 : 2000 Code of practice for plain and 

reinforced concrete (/bz/r//? r6?v/.s'/o/7) 

800:1984 Code of practice for general 

construction in steel {second 

revision) 

875 Code of practice for design loads 

(other than earthquake) for building 
structures: 

(Part 1): 1987 Dead loads — Unit weights of 
building material and stored 
materials {second revision) 

(Part 2): 1987 Imposed loads {second revision) 

(Part 3) : 1987 Wind loads {second revision) 

(Part 4) : 1987 Snow loads {second revision) 

(Part 5) : 1 987 Special loads and load combinations 
{second revision) 

1343 : 1980 Code of practice for prestressed 

conci-Qto {second revision) 

1888 : 1982 Method of load test on soils {second 

revision) 
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AS^ No. rule 

1893 (Part I) : Criteria for- earthquake resistant 
2002 design of structures: Part 1 General 

provisions and buildings 

4326: 1993 Earthquake resistant design and 

construction of buildings — Code of 
practice {second revision) 

4998 (Part 1) : Criteria for design of reinforced 
1992 concrete chimneys: Part 1 

Assessment of loads {second 
revision) 

6403 : 1981 Code of practice for determination 

of bearing capacity of shallow 
foundations (first revision) 

6533 (Part 2): Code of practice for design and 
1989 construction of steel chimney: 

Part 2 Structural aspects {first 
revision) 

13920 : 1993 Ductile detailing of reinforced 
concrete structures subjected to 
seismic forces 

SP 6 (6) : 1972 Handbook for structural engineers 
-- ■ Application of plastic theory in 
desiL^n of steel structures 



3 GENERAL TERMINOLOGY 
EARTHQUAKE ENGINEERING 



FOR 



All sub-clauses under 3 of IS 1893 (Part I) are also 
applicable to this standard. 

4 TERMINOLOGY FOR INDUSTRIAL 
STRUCTURES 

The following definition and the others given 
in IS 1893 (Part I) except 4.10 and 4.16 are 
applicable. 

4.1 Combined Structures 

A structure with lateral load resisting elements 
constructed from a combination of reinforced/ 
prestressed concrete and structural steel. 

5 SYMBOLS 

5.1 Symbols and notations applicable to Section 1 are 
i^iiven as under: 



COC 
DL 



-- Design horizontal seismic coefficient 

-Floor plan dimension of floor /, 
perpendicular to direction of force 

- Index for closely spaced modes 

-- Complete quadratic combination 
method 

— Response quantity due to dead load 

~ Design eccentricity at floor, / 



EL — Response quantity due to earthquake 
load 

EL^ — Response quantity due to earthquake 
loads in X-direction 

EL — Response quantity due to earthquake 
loads in Y-direction 

£1^— Response quantity due to earthquake 
loads in Z-direction 

e, — Static eccentricity at floor, / 

g— Acceleration due to gravity 

/ — Importance factor 

IL — Responsequantity due to imposed loads 

M — Mass matrix of the structural system 

M — Mass matrix of the primary system 

MCE — Maximum considered earthquake 

A/j,. — Total mass of all the equipment that are 
flexible mounted at different locations 
in the structure 

M^ — Modal mass of mode, A 

M^ ~— Total mass of all the equipment that are 
rigidly mounted at different locations 
in the structure 

A/ — Total mass of structural system, which 
supports secondary system 

R — Response reduction factor 

r — Number of modes being considered 

S^ — Spectral acceleration 

S Jg — Spectral acceleration coefUcient 

SIDE - — Super imposed dead loads 

A^ — Standard penetration test value (SPT 
value) of the soil 

SRSS — Square root of sum of squares 

T — Undamped natural period of vibration 
of the structure 

W. — Seismic weii^ht of floor, / 

Z — Zone factor 

— yth normalized mode shape 

U^^ — Influence vector-displacement vector of 
the structural system 

0.^ — Mode shape coefficient at floor, /, in 
mode, k 

,. — Mode vecto r value from th e pri m ary 
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system's modal displacement at the 
location where the secondary system is 
connected 

X — Peak response quantity due to closely 
spaced modes 

p.. — Cross-modal correlation co-efficient 

C, — Modal damping ratio 



ji — Frequency ratio 



O). 



CD. 



X^ — Absolute value of quantity in mode A: 

X — Peak response due to all modes 
considered 

(J — Maximum value of deflection 

(jo.^ — Circular frequency, in rad/sec, in /th 
mode 

A X. X^ — Response quantity in mode /, /, k 
respectively 

5 5 8 — Maximum value of deflection in X, Y, 

X, y, z ' ' 

Z direction respectively 

5.2 Symbols and notations applicable to Section 2 
are defined as under: 

A — Area of cross-section at the base of the 
structural shell 

/I — Design horizontal seismic coefficient 

C,. — Coefficient depending upon the 
slenderness ratio of the structure 

C^ — Coefficient ofshear force depending on 
slenderness ratio, k 






d — Thickness of pile cap or raft 
— Maximum lateral detlection 



- Distribution factors for shear and 
moment respectively at a distance X 
from the top 

E — Modulus of elasticity of pile material 

E^ — Modulus oT elasticity of material of the 
structural shell 

g — Acceleration due to gravity 

G — Shear modulus of soil = ^V^ 

K — Shear wave velocity of the medium 

h — lleight of structure above the base 

7? — Meight of centre of gravity of structure 
above base 

/ — Importance factor 

I — Moment of inertia of pile section 

111 ^ 

n — Number of piles 



r 

o 

R - 
S 

T, 
w. 



Number of locations of lumped weight 
Radius of circular raft foundation 
— Response reduction factor 

Spectral acceleration coefficient for 
rock and soil sites 

Characteristic length of pile 

Weight lumped at /th location with the 
weights applied simultaneously with 
the force applied horizontally 

W^ — Total weight of the structure 
including weight of lining and contents 
above the base 

Z — Zone factor 

5. ■ — Lateral static detlection under its own 
lumped weight at /th location (chimney 
weight lumped at 10 or more locations) 

V — Poisson's ratio of soil 

77j^ — Modulus of sub grade reaction of soil 
in horizontal direction 

6 GENERAL PRINCIPLES 

6.1 Ground Motion 

6. LI The characteristics (intensity, duration, etc) of 
seismic ground vibrations expected at any location 
depends upon the magnitude of earthquake, its depth 
of focus, distance from the epicentre, characteristics 
of the path through which the seismic waves travel, 
and the soil strata on which the structure stands. The 
random earthquake ground motions, which cause the 
structures to vibrate, can be resolved in any three 
mutually perpendicular directions. The predominant 
direction of ground vibration is horizontal. 

Earthquake generated vertical inertia forces are to be 
considered in design unless checked and proven to be 
not significant. Vertical acceleration should be 
considered in structures with large spans, those in 
which stability is a criterion for design, or for overall 
stability analysis of structures. Reduction in gravity 
force due to vertical component of ground motions 
can be particularly detrimental in cases of prestressed 
horizontal members and of cantilevered members. 
Hence, special attention should be paid to the effect 
of vertical component of the ground motion on 
prestressed or cantilevered beams, girders and slabs. 

6.L2 The response of a structure to ground vibrations 
is a function of the nature of foundations, soil, 
materials, form, size and mode of construction of 
structures; and the duration and characteristics of 
ground motion. This standard specifies design forces 
for structures standing on rocks or soils, which do not 
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scllie, liquily or slide due to loss of strength during 
vibrations. 

6.!. 3 fhe design approach adopted in this standard 
is to ensure that structures possess minimum strength 
to withstand minor earthquakes (< DBE) which occur 
frequently, without damage; resist moderate 
earthquakes (DBfi) without significant structural 
damage though some non-structural damage may 
occur; and withstand a major earthquake (MCB) 
wilhout collapse. Actual forces that appear on 
structLues during earthquakes are much greater than 
the design forces specified in this standard. However, 
ductility, arising from inelastic material behaviour and 
detailing, and overstrength, arising from the additional 
reserve strength in structures over and above the design 
strength, are relied upon to account for this difference 
in actual and design lateral loads. 

Reinforced and prestressed concrete members shall be 
suitably designed to ensure that "premature failure due 
to shear or bond does not occur, subject to the 
provisions of IS 456 and IS 1343. Provisions for 
appropriate ductile detailing of reinforced concrete 
members are given in IS 13920. 

in steel Slructiu'es, members and their connections 
sliould be so proportioned tiiat high ductility is 
obtained, as specified in SP 6 (6), avoiding premature 
lailui'e due to elastic or inelastic buckling of any type. 

6. 1 .4 The design force specified in this standard shall 
be considered in each of the two principal horizontal 
directions of the structure and in vertical direction. 

6.1.5 EqLiipment and other systems, which are 
supported at various lloor levels of the structure, shall 
be subjected to motions con-esponding to vibration at 
their support points. In important cases, it may be 
necessary to obtain floor response spectra for analysis 
and design of equipment. 

6.2 Assumptions 

Ihe following assumptions shall be made in the 
earthquake resistant design of structures: 

a) f^arthquake causes impulsive ground motions, 
which are complex and irregular in character, 
changing in period and amplitude each lasting 
tor a small duration. Therefore, resonance of 
the type as visualized under steady-state 
sinusoidal excitations, will not occur, as it would 

need time to build up such amplitudes. 

NOTt' - I.:xccplioi!:iLre.S()n;!HCc-likecontiition.s]iavc been 

seen U) occur beiween long distance waves and tali strucliires 

loLDKled on deep soil soils, 

b) E-arthquake is not likely to occur simultaneously 
with maxim Lmi wind or maximum flood or 

iiiaximum sea vvaves. 

c) fhe value of elastic modulus of materials, 
wheiever required, may be taken as for static 



analysis unless a more definite value is available 
for use in such condition (see IS 456. IS 800 
and IS 1343). 

SECTION! INDUSTRIAL STRUCTURES 
7 DESIGiN CRITERIA 

7.1 CaletjoriziUion of Structures 

To perfoi"m well in an earthquake, the indLrstrial 
structure should possess adequate strength, stiffness, 
and ductility. Generally structures have large 
capacities of energy absorption in its inelastic region. 
Structures which are detailed as per IS 13920 or 
SP 6 (6) and equipment which are made of ductile 
materials can withstand earthquakes many fold higher 
than the design spectra without collapse; and damage 
in such cases is restricted to cracking only. 

Structures are classified into the following four 
categories: 

a) Category 1 : Structures whose failure can 

cause conditions that can lead 
dii'cctly or indirectly to extensive 
loss of life/property to population 
at large in the areas adjacent to 
the plant complex. 

b) Category 2 : Structures whose failure can 

cause conditions that can lead 
directly or indirectly to serious 
fire hazard/extensive damage 
within the plant complex. 
Structures, whicli are required to 
handle emergencies imiriediately 
after an earthquake, are also 
included. 

c ) Ca tego ry 3 : St r u c t u r e s wdi o s e fa i i u r e , 

although expensive, does not 
lead to serious hazard within the 
plant complex. 

d) Category 4 : All other structures. 

Typical categorization of industrial structures is given 
in Table 5 . 

NO'IT'-"-- 'Hie terrn tail tire used in die de!"inilion of categories 
iinj}lies lossoriunction and no( eompieie collapse. Pressurized 
eciui|inieni wliere cracking can lead lo rupture may be 
ealegorized by lite consequences oi'rupiure. 

7.2 Design Loads 

7.2.1 Dead Load (DLj 

These shall be taken as per IS 875 (Part 1). 

7.2.2 Super Imposed Dead Loads fSlDL) 

tndustrial structures contain several equipment and 
associated ■ auxiliaries and accessories that are 
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permanently mounted on the structures. These loads 
shall be taken as per equipment specillcations. 

7.2.3 Imposed Loads (IL) 

These shall be taken as per IS 875 (Part 2). 

7.2.4 Earthquake Loads (EL) 

The earthquake load on the dilTerent members of a 
slructure shall be determined by carrying out analysis 
following the procedure described in 10 using the 
design spectra specified in 8. lr.arthquake loads in x 
and y (horizontal) directions are denoted by E/_.^and 
EL and earthquake loads in vertical direction are 
denoted by LIL^. 

7.3 Load Conibinations 

When earthquake forces are considered on a structure, 
the response quantities due to dead load {DL), imposed 
load (//.), super imposed dead loads (SfDL) and design 
earthquake load (EL) shall be combined as per 7.3.1 
and 7.3.2. The txictors defined in 7.3.1 and 7.3.2 are 
applicable for Category I to 4 structures only under 
DBE{seel.5). 

7.3.1 Load Lujclors for Plastic Design of Steel 
Si rue ill res 

In the plastic design of steel structures, the following 
load combinations shall be accounted for: 

a) 1 .7 (DL 4 SIDL t- IL\ 

b) \.1(DL~^SIDL)± EL.md 

c) 1.3 {DL + S/DL-^JL± EL). 

NO'lT- -— Imposed load iJL) in lond conibinalioii shall not 
inckidc election loads and crane payload. 

7.3.2 Partial Safety Factors for Limit State Design cf 
Reinforced Concrete and Prestressed Concrete 
St rue til res 

In the liniit state design of reinforced and prestressed 
concrete structures, the following load combinations 
shall be accounted for: 

a) \.5{DL'^SIDL + LL\ 

b) 1 .2 {DL + SIDL + IL ± EL). 

c) 1.5 iDL + SIDL± £/.), and 

d) 0.9 (DL^ SIDL) ± 1.5 EL. 

UOT\: -- Imposed it^ad (//.) in load coiiibinalion shall not 
include erection kuid and crane payload. 

7.3.2.1 WhenTesponses from the three earthquake 
components are to be considered, the response due to 
each component may be combined using the 
assumption that when the maximum response from 
one component occurs, the responses from the other 
two components are 30 percent of the corresponding 
maximum. All possible combinations of the three 
components (£7.^, EL^^ and EL^ including variations 
in sign (plus or minus) shall be considered. Thus, the 



response due to earthquake force [EL) is the maximum 
of the followiuLi cases: 



/:■/. --- 



±EL^ ± 0.3 EL ± 0.3 El. 
±EL ± 0.3 EL, -± 0.3 EL, 



± EL.^ ± 0. 



EL^ ± 0.3 EL^ 



where x and y are two orthogonal directions and z is 
the vertical direction. 

7.3.2.2 As an alternative to the procedure in 7.3.2.1, 
the response (LJL) due to the combined effect of the 
three components can be obtained on the square root 
of the sum of the squares (SRSS) basis, that is 



EL-J(EL^ + (EL^-^-iELf 



NO'I i: — t'iic combination procedures of 7.3.2. 1 anti 7.3.2.2 
apply to the same response quantity (say. moment in a column 
about its major axis, or storey shear in a IVamc) due to dilTerent 
components oflhe ground motion. These combinations aic to 
be made at the member force/stress levels. 

7.3.3 For structures under Category 1, which are 
designed under MCE (see 7.5.1) and checked under 
DBE, all load factors in combination with MCE shall 
be taken as unity. 

7.4 Increase in Permissible Stresses 

7.4.1 Increase in Permissible Stresses in Materials 

When earthquake forces are considered along with 
other normal design forces, the permissible stresses in 
material, in the elastic method of design, may be 
increased by one-third, llowever, for steels having a 
defmite yield stress, the stress be limited to the yield 
stress, for steels without a definite yield point, the stress 
will be limited to 80 percent of the ultimate strength 
or 0.2 percent proof stress, whichever is smaller; and 
that in pre-stressed concrete members, the tensile stress 
in the extreme fibers of the concrete may be permitted 
so as not to exceed two-thirds of the modulus of rupture 
of concrete. 

7.4.2 Increase in Allowable Pressures in Soils 

When earthquake forces are included, the allowable 
bearing pressure in soils shall be increased as per 
Table 1, depending upon type of foundation of the 
structure and the type of soil. 

In soil deposits consisting of submerged loose sands 
and soils falling under classification SP with standat*d 
penetration A^ values less than 15 in seismic zones 11!, 
IV, V and less than 10 in seismic zone II, the vibration 
caused by earthquake may cause liquefaction or 
excessive total and differential settlements. Such sites 
should prelxM'ably be avoided while locating new 
settlements or important projects. Otherwise, this 
aspect of the problem needs to be investigated and 
appropriate methods of compaction oi^ stabilization 
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adopted to achieve suitable A'^ values as indicated 
in Note 3 under Table 1. Alternatively, deep pile 
foundation may be provided and taken to depths well 
into the layer, which is not likely to liquify. Marine 
clays and other sensitive clays are also known to 
liquefy due to collapse of soil structure and will need 
special treatment according to site condition. 

7.5 Design Basis Earthquake (DBE) 

Design basis earthquake (DBE) for a specific site is to 
be determined based on either : (a) site specific 
studies, or (b) in accordance with provisions of 
IS 1893 (Part 1). 

7.5.1 Structures in Category 1 shall be designed for 
maximum considered earthquake (MCE) (which is 
twice of DBE). 

7.5.2 Structures in Category 2, 3 and 4 shall be 
designed for DBE for the project site. 

8 DESIGN SPECTRUM 

8.1 For all important projects, and all industries 
dealing with highly hazardous chemicals, evaluation 
of site-specific spectra for earthquake with probability 
of exceedence of 2 percent in 50 years (MCE) and 
10 percent in 50 years (DBE) is recommended. All 
Category 1 industrial structures shall be analyzed using 
site-specific spectra. However, if site-specific studies 
are not carried out, the code specified spectra may be 
used with modifications as per 8.3,2, If time-history 
analysis is to be carried out, spectra-compliant time- 
history shall be determined based on the site-specific 
spectra. 

8.2 For all other structures not covered in 8,1, the 
spectra and seismic zone as given in Annex A and 
Annex B is recommended [these are in accordance 
with IS 1893 (Part 1)]. 

8.3 Horizontal Seismic Force 

The horizontal seismic coefficient A,, shall be 

h' 

obtained using the period 7\ described as under. 

8.3.1 When using site specific spectra, the seismic 
coefficient shall be calculated from the expression : 

where Vg -= spectral acceleration coefficient 
corresponding to site specific spectra. 

8.3.2 When using code specific spectra, the seismic 
co-efficient shall be calculated from the expression: 
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A. = 
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NO TE — Striicturcs in Category 1 shall be designed for seismic 
force twice that tbiind using the provisions ofthis clause. 

where 

Z= zone factor, given in Annex A [This is in 
accoiTlance with Table 2 of IS 1893 (Part 1)]. 
SJg = spectral acceleration coefficient for t*ock and 
soil sites given in Annex B [This is in 
accordance with Fig. Fof IS 1893 (Pan 1)]. 
/= importance factor given in Table 2 is relative 
importance assigned to the structure to take into 
account consequences of its damage. 

R = response reduction factor to take into account 
the margins of safety, redundancy and ductility 
of the structure given in Table 3. 

Categorization of some individual structure and 
components of typical industries are given in 
Table 5. 

8.4 Vertical accelerafion values are to be taken as 
2/3 of the corresponding horizontal acceleration 
values. 

9 IVIATHEMATICAL MODELLING 

9.1 Modelling Requirements 

The mathematical model of the physical structure shall 
include all elements of the lateral force-resisting 
system. The model shall also include the stiffness 
and strength of elements, which are significant to the 
distribution of forces. The model shall properly 
represent the spatial distribution of the mass and 
stiffness of the structures, as well as mass of equipment, 
cable trays and piping system along with associated 
accessories, 25 percent of the live load shall also 
be included as suitably distributed rnass on the 
structure. 

9. LI Soil-Structure Interaction 

The soiKstructure interaction refers to the effects of 
the supporting foundation medium on the motion of 
structure. The soil-structure interaction may not be 
considered in the seismic analysis for structures 
supported on rock or rock-like material. 

9.2 Interaction Effects Between Structure and 
Equipment 

Interaction effects between structure and equipment 
shall be considered as under; 

a) For Category 2, 3 and 4, simplified considera- 
tions as per 9.2.1 may be used. 

b) For Category 1, detailed considerations as per 
9.2.2 shaH be adopted. 

9.2.1 For the purpose of 9.2, the following notations 
shall be used: 

A/ =- total mass of the structural system on which the 
secondary system is supported, 
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Table 1 Percentage of Permissible Increase in Allowable 
Bearing Pressure, Resistance of Soils 

( Clause 1A.2) 



SI No. 



Foundation 



(I) 



(2) 



Type of Soil Mainly Constituting the Foimdation 



Type I Rock or Hard Soils: 
Well graded gravel and sand 
gravel mixtures with or 
without clay binder, and 
clayey sands poorly graded 
or sand clay mixtures (Gli, 
CW, SB, SW and SC) 
having A^ above 30, where 
A' is the standard penetration 
val ue 

(3) 



Type 11 Medium Soils: All 
soils with N between 10 and 
30, and poorly graded sands 
or gravelly sands with little or 
no fines (SP) with A' > 15 



Type 111 Soft Soils: 
All soils other thaiV.SP with 
N<\0 



(4) 



(5) 



i) Piles passing through 
any soil but resting on 
soil Type 1 

ii) Piles not covered under 
SI No. (i) 

iii) Raft foundations 

iv) Combined / Isolated 
RCC footings with tic 
beams 

V) Well foundations 



50 



50 
50 

50 



50 

25 

50 
25 

25 



50 

25 

50 

25 

25 



NOTKS 

1 The allowable bearing pressure shall be determined in accordance with IS 6403 or IS 1 888. 

2 If any increase in tearing pressure has already been permitted for forces other than seismic forces, the total increase in allowable 
bearing pressure when seismic tbrce is also included shall not exceed the limits specified above. 

3 Desirable minimum Held values of A' are as Ibllows: 



SI No. 


Seismic Zone 


Depth Below 

Ground Level 

(m) 


/V Values 


Remarks 


i) 


III, IV and V 


<5 

>to 


15 

25 


For values of depths 
between 5 n\ and 1 m, 
linear interpolation is 
recommended. 


ii) 


11 


<5 
>10 


15 
20 



If soils of smaller A' values are met, compaction may be adopted to achieve these values or deep pile foundations going to stronger 
strata should be used. 

4 The piles should be designed for lateral loads neglecting lateral resistance of soil layers liable to liquify. 

5 Following Indian Standards may also be referred; 

a) IS 1498 Classification and identification of soils for general engineering purposes. 

b) IS 2 1 3 1 Method of standard penetration test tor soils. 

c) IS 6403 Code of practice for determination of bearing capacity of shallow foundations. 

d) IS 1 888 Method of load tests on soils. 

6 isolated RCC footing without lie beams or unreinforced strip foundation shall not be permitted in soft soils with /V <1 0, 
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Table 2 Importance Factor for Various Industrial Structures 

{Clause 8.3.2) 



SI No. 



(i) 



Oitcgories ot'Stnictiiics 

(2) 



Inipoilancc factor 



(3) 



i) 
ii) 
ill) 
iv) 



Structures in Category I 
StruclLires in Category 2 
Structures in Category 3 
Structures in Category 4 



2.00 
1.75 
1.30 
1 .00 



NOTH — Higher importance factor may be assigned to diiTerent structures at the discretion ofthe project authorities. 



M^^ ^= total mass of all the equiptnent that ai^e rigidly 
motinted at ditTcrent locations in the structtire, 
and 

A/|, -^ lota! mass of all the equipment that are flexible 
mounted at different locations in the structure. 

9.2.1.1 Wherever equipment are rigidly fastened to 
the lloor, the equipment mass (A-^ shall be taken as 
lumped mass al appropriate locations. No interaction 
between the structures and equipment shall be 
considered. 



9.2.1.2 

If 



H 



M, -i- A/ 



< 0.25 



No interaction between the structures and equipment 
shall be considered, in such case A/j, should be 
considered as lumped mass at appropriate locations. 



9.2. 1.3 \X A//,. I{h4^ 4 M^) > 0.25, interaction between 
the flexibly mounted equipment and the structure shall 
be considered by suitably modelling the flexible 
equipment support system while considering the 
equipment as lumped mass. 

9.2.2 [decoupling criteria as given below shall be used 
for all Category 1 systems. 

9.2.2.1 For the purpose of this clause, the following 
notations shall be used. 



0.'" A// .a 

J ^i 

' M 



Participation 



wiiere 
M^ mass matrix ofthe structural system, 

-^^^ /th normalized mode shape, 0.' Ay0, = 1, and 

(/i^ ^ "^ influence vector, displacement vector ofthe 
structural system when the base is displaced by 
unity in the direction of earthquake motion. 

9.2.2.2 All combinations ofthe dominant secondary 
system modes and the dominant primary modes must 



be considered and the most restrictive combinalion 
shall be tised. 

9.2.2.3 Coupled analysis of a primary structure and 
secondary system shall be performed when the effects 
of interaction are significant based on 9.2.2.9 and 
9.2 2.11. 

9.2.2.4 Coupling is not required, if the total mass of 
the equipment or secondary system is 1 percent or 
less ofthe mass ofthe supporting primary structure. 
If a coupled analysis will not increase the response of 
the primary system over that of a decoupled analysis 
by more than 10 percent, then a coupled analysis is 
not required. Mowever, the requirements of section 
9.2.2.11 regarding the tnultiple supports should be 
considered. 

9.2.2.5 In applying sections 9.2.2.9 and 9.2.2.11, one 

sub-system at a timemay be considered, unless the 
sub-systems are identical and located together, in 
which case the sub-system masses shall be lumped 
together. 

9.2.2.6 When coupling is required, a detailed model 
ofthe equipment or secondary system is not I'equired, 
provided that the simple model adeqtiately represents 
the major effects of interaction between the two parts. 
When a simple model is used, the secondary system 
shall be re-analyzed in appropriate detail using the 
output motions from the first analysis as input at the 
points of connectivity. 

9.2.2.7 For applying the criteria of this section to 
have a modal mass greater than 20 percent ofthe total 
system mass, the total system mass is defined by 



M 



z (r^)^ 



9.2.2.8 When carrying out simplified analysis (as 
per 9.3), equipment or secondary system shall be 
considered as per 9.2.2.4, 9.2.2.5 and 9.2.2.6. 

9.2.2.9 When detailed analysis is to be carried out for 
structui^es with equipment attached at a single point, 
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Table 3 Response Reduction Fiietor '\ R for Industrial Structures 

(Clause 8.3.2) 



SI \(». Latcriil Load Uesisiinj^ System R 

(I) (2) (3) 

Building Frame Systems 

i) Ordinary RC Moment— Resisting Frame (OMIIF)^^ 3.0 

ii) , Spceial RC Moment— Resisting Frame (SMRF) ^^ 5.0 

iii) Sleel Frame with : 

a) Conccnlric brace 4.0 

b) Fcceiitric braces 5.0 

iv) ' Steel momenl resisting frame designed as per SP 6(6) 5.0 

Ihiiiding with Shear Wails "^^ 

v) Load bearing masonry wall buildings -^ 

a) Unreinforced L5 

b) l^einrorccd with horizontal RC bands 2.5 

c) Reinforced with horizontal RC bands and vertical bars at 3.0 
corners of rooms and jambs ofopenings 

vi) Ordinary reinforced concrete shear walls''^ 3.0 

vii) Ductile shear \valls^> 4.0 

Buildings with Dual Systems^^ 

viii) Ordinary shear wall with OMRF 3.0 

ix) Ordinary shear wall with SMRF 4 

x) Ductile shear wall with OMRF 4.5 

xi) Ductileshearwal! with SMRF 5.0 

'* Tiie values of response reduction factors are to be used for buildings with lateral load resisting elements, and not just for the 
lateral load resisting elcjnenls built in isolation. 

^^ OMR!-^ are those designed and detailed as per IS 456 or IS SOO. However. OMRF shall not be used in situations explained 
in IS 13920. 

•'^ SMRF luis been defined in 4.15.2 of IS 1893 (Part 1). 

'^ Buildings with shear walls also include buildings having walls an(' frames, but where: 

a) frames are not designed to carry lateral loads, or 

b) frames arc designed to carry lateral loads but do not fulfil the retiuirements of dual systems. 

" Reinforcement should be as per IS 4326. 

■'^ Proliibited in zones IV and V. 

^' Ductile shear walls are those designed and detailed as per IS 13920. 

'^^ lUiildings wilh dual s>'stcms consist of shear walls {or braced frames) and moment resisting frames such that: 

a) the two systems are designed lo resist tiie total design force in proportion to their lateral sLilfness considering the 
iiileriiclion of the dual system at all lloor levels, and ■ 

b) the moment resisting frames are designed to independenlly resist at least 25 percent oTthe design seismic base shear, 
NOFF — for steel buiUlimis not covered in Table 3, value of /<• shall be 2. 
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the coupling criteria shown in Fig. 1 shall be used, 
liie mass ratio in Fig. 1 is the inodal mass ratio 
computed as per 9.2.2.10 and the frequency ratio is 
the ratio of uncoupled modal frequencies of the 
secondaiy and primary systems. 

9.2,2.10 !u)r a secondary system dominant mode and 
the primary system mode /, the modal mass ratio can 
be estimated by: 

M 



vviiere 

M - 

I" 

. -" 



K 

M 



M . 



(I/CK)^; 

the mode vector value from the primary 
system's modal displacement at the location 
where the secondary system is connected, 
from the /th noi-malised modal vector , (o ), 

' . M . -■ I ; 

CI /' CI 

mass malrix of tlie primary system; and 
total mass of the secondary system. 



9.2.2.11 Multisupport secondary system shall be 
reviewed for tlie possibility of interaction of structure 
and equipment stiffness between the support points, 
and for the effect of equipment mass distribution 
belween support points. When these effects can 
signitlcantiy influence the structure response, reference 



shall be made to specialized literature. 

9.3 Time Period Estimation 

The time period of different industrial structures would 
vary considerably depending on tlie type ot^soif span 
and height of the structure, distribution of load in the 
structure and the type of structure (concrete, steel and 
aluminium), it would be difficult to give one or two 
generalized formulae to cover all such structures. 
Accordingly, no simple guidelines can be given for 
estimation of time periods of industrial structures. 

9.3.1 The time period shall be estimated bak^d on 
Fiigen value analysis of the structural mathematical 
model developed in accordance with 9.1 and 9,2. 

9.3.2 For preliminary design, the time period can be 
established based on its static deilection under mass 
proportional loading in each of the three principal 
directions. This load is applied by applying a fc^xe 
equal to the weight of the structure or equipment at 
each mode in X, Y or Z direction. Where the founding 
soil is soft soil, the effect of the same shall be 
considered in tlie estimates for static deflection. 

The time period 1\ would then be : 



T = 2nj-- sec 



3,0 



2 5 



■*>.o 



IS 




7^ 






rrr/- 

Modei c 



Model B 

f:xpiamit>cxi 

\ ,. X 1 1 tK^ u o fxry o \ u ixxxj p<^d r rKXi o u of 
s<:'cr>ndafy system 

ty^ - frequeficr/ of unorjupJod modo i of 
pnrnary syslem 



Us€^ McHJfjl A. B, Of C 
(Coupling Not Re<^uir(>d) 



nY:.: 



Uso Model A, B, or C 
(Q)Upiing Not Roquirod) 

-A— 



±. 



(Us<! fvkjdo! B c 



-V 



± 



'^C) 



-■■H 



{Use 
Model C) 



y (Use Mcx:Je( A or C) 



0.001 



0.010 



0/uX) 



,CXXJ 



Mt>dal Mass Rai;; 



Fig. I DncoiJpiJNCi Criteria i-or Equipmi-nt or Sl:condary Systi-m with Singli;: Point 

AtTACIJMHNT to IKF PlUMARY SySH^M 
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Where 5 is the maximum value of deflection at any 
mode out of 5 5 5 and 'p-' is acceleration due to 

X y z *^ 

gravity in the corresponding unit. 

9.4 Damping 

The damping factor to be used in determining spectral 
acceleration coefficient (S/g) depends upon the 
material and type of construction of the structure and 
the strain level. The recommended dan^ping factors 
are given in Table 4. 

10 ANALVSIS PROCEDURE 

lO.l Cliissification of Analysis Techniques 

10.1. 1 Detailed analysis shall be carried out for 
structures of Category 1, in all seismic zones. 

10.1.2 Detailed analysis shall be carried out for ail 
structures of Category 2 and 3 in seismic zones 111, IV 
and V. 

10.1.3 Simplified analysis may be used for structures 
of Category 2 and 3 in seismic zone 11. 

10.1.4 Simplified analysis may be used for structures 
of Category 4 in all seismic zones. However, those 
structures of Category 4, which could be identified as 
buildings, may be analysed as per provisions of 
IS 1893 (Part I). . 

10-2 Detailed Analysis 

10.2.1 Secondary Effect 

The analysis shall also include the influence of 
/^- A effect. 

10.2.2 Torsion 

The effect of accidental eccentricity shall be 
considered for rigid floors/diaphragms. This shall be 
applied as an additional torsion force equal to product 
of the mass at floor level and 5 percent of the structure 
dimension perpendicular to the earthquake direction 
at the centre of mass of the floor. 



10.2.2.1 The design eccentricity, e^. to be used at floor 
/ shall be taken as; 

\].5e. + Q.05b 



or e. 



0.05 b. 



whichever of these gives more severe effect. 
e.=^ static eccentricity at floor /, defined as the 

SI -^ 

distance between centre of mass .and centre of 
rigidity; and 

/;. - floor plan dimension of floor /, perpendicular 
to direction of force. 

The factor 1 .5 represents dynamic amplification factor, 
while the factor 0.05 represents the extent of accidental 
eccentricity. 

NOTIZ — For the purposes of this clause, all steel or aluminium 
tlooring system may be eonsiderecl as flexible unless properly 
designed iloor bracings have been provided. ReinToreed 
eoncrete llooring system at a level shall be eonsidered rigid 
only if the total area of all the eut-outs at that level is less than 
25 percent of its plan floor area. 

10.2.3 Seismic analysis shall be performed for the 
three oHhogonal (two horizontal and one vertical) 
components of earthquake motion. The earthquake 
motion in each direction shall be combined as specified 

in 7.3. 

10.2.4 Time-Hisiory Analysis Method 

Time-history analysis of structures subjected to 
seismic loads shall be performed using linear 
analysis technique. The analysis shall be based on 
well-established procedures. Both direct solution of 
the equations of motion or model superposition 
method can be used for this purpose. 

10.2.4.1 in model superposition method, sufficiently 
large number of modes shall be used for analysis to 
include the iniluence of at least 90 percent of the total 
seismic mass. 



Tabic 4 Damping Ratio Coefficient for Different Construction 
Materials for DBE and MCE Conditions 

i Clause 9A) 



SINo. 

(1) 



Materia) 

(2) 



DBE 



MCE 

(4) 



I) 

ii) 



Aluminium 

Steel 

Reinforced Concrete 



0.02 
0.02 
0,05 



0.04 
0.04 
0.07 



NO!" E — for combined structures, damping ratio coeffieient shall be determined based on well established procedures, if a composite 
dnmping ratio coefficient is not evaluated, it shall be taken as that corresponding to material having tower damping. 



I I 
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10.2.4.2 Moclal mass 

The modal mass (M^) of mode k is given by ; 



modes, then the peak response qiianlily (X ) 
due to all modes considered shall be obtained 



as: 



^^'^','K 



A/, 



g^W^i^J 



where 



^i[ == acceleration due to gravity, 

(|),^^:-- mode shape coefficient at floor i, in mode A% 
and 

IK =-- seismic weight of lloor /. 

10.2.5 Response Spectrwn Analysis 

Response spectrum method of analysis shall be 
performed using the design spectrum. 

10.2.5.1 Sufficiently large number of modes shall be 
used for analysis to include the influence of at least 
90 percent of the total seismic mass. The model 
seismic mass shall be calculated as per the provisions 
of 10.2.4.1. 

10.2.5.2 Modal conihinat ion 

The peak response quantities (for example, member 
forces, displacements, storey forces, and shears and 
base reactions) should be combined as per complete 
quadratic combination (CQC) method as follows : 



X - / z z A,, p.. X. . 

where 

X ■'^- peak response quantity; 

X. - response quantity, in mode / (including sign); 

X "^ response quantity, in modey (including sign); 

p. ---- cross-modal correlation co-efficient; 
'J 

(l-/?2)^+4f^/^(l4-^^) 

/' -- number of modes being considered; 
^ ^:: inodal damping ratio as specilled in 9.4; 

B ''' frectuencv ratio ^ — ^- 
^, 

a;. ^ circular frequency, in yth mode; and 

oj.^ circular frequency, in /th mode. 

Alternatively, the peak response quantities may be 
combined as follows; 

a) If the structure does not have closely-spaced 



where 
/Ij == absolute value of quantity, in mode k\ and 
r --=" number of modes being considered. 

b) If the structure has a few closely-spaced modes 
[see 3.2 of iS 1893 (Part 1)], then the peak 
response quantity X" due to these modes shall 
be obtained as : 

where the summation is for the closely spaced modes 
only. This peak response quantity due to the closely 
spaced modes (/I*) is then combined with those of the 
remaining well-separated modes by the method 
described in 10.2.5.2(a). 

10.3 Sirnplit'ied Analysis 

Structures of category 2, 3 and 4 located in 
seismic zones 11 and III may be analyzed using the 
provisions of this clause. For all other industrial 
structures, the analysis procedure specified in 1 0. 1 shall 
be used. 

10.3.1 Simplified analysis shall be carried out by 
applying equivalent static lateral loads along each of 
the three principal directions. The equivalent static 
lateral loads shall be determined from design 
acceleration spectrum value (/l,^) calculated tVom 8.3.2 
and 9.3.2. The static load at each node shall equal the 
product of its mass and the design spectral acceleration 
value, 

11 DEFORMATIONS 

11.1 Drift LiFiiitations 

The drift limitations of horizontal and vertical 
members shall be taken as those specified in iS 1893 
(Part 1). 

11.2 Separation Between Adjacent Units 

Two adjacent buildings, or adjacent units of the same 
structure with separation joint in between shall be 
separated by a distance equal to the amount R times 
the sum of the calculated storey displacements as 
per 11.1 of each of them, to avoid damaging contact 
when the two units dellect towards each other. When 
floor levels of two adjacent units or structures are at 
the same elevation levels, factor R in this requirement 
may be replaced by /\V2 +25 mm. 
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12 MISCELLANEOUS 

12.1 Poundiitions 

The use of foundations vulnerable to significant 
differential settlement due to gfound shaking shall be 
avoided for structures in seismic zones 111, IV and V. 
In seismic zones IV and V, individual spread footings 
or pile caps shall be interconnected with ties 
(see 5.3.4.1 of IS 4326) except when individual 
spread footings are directly supported on rock. All 
ties shall be capable of carrying, in tension and in 
compression, an axial force equal to AJ4 times the 
larger of the column or pile cap load, in addition to 
the otheiAvise computed forces. Here, ri^^ \s as 
per 8.3.1 or 8.3.2. 

12.2 Cantilever Projections 

12.2.1 yerncal 

Towers, tanks, parapets, smoke stakes (chimneys) and 
other vertical cantilever projections attached to 
structures and projecting above the roof, shall be 
designed for five times the design horizontal 
acceleration spectrum value specified in 8.3.1 
and 8.3.2. 

12.2.2 Honzonial 

All horizontal projections like cornices and balconies 
shall be designed for five times the design vertical 
acceleration spectrum value specitled in 8.4. 

12.2.3 The increased design forces specified 
in 12.2.1 and 12.2.2 are only for designing the 
projecting pans and their connections with the main 
structures. For the design of the main structure, such 
increase need not be considered. 

SECTION 2 STACK-LIKE STRUCTURES 

13 DESIGN CRITERIA 

Stack-like structures are those in which the mass and 
stiffness is more or less uniformly distributed along 
the height. Cantilever structures like reinforced or 
prestressed cement concrete electric poles; reinforced 
concrete brick and steel chimneys (including multitlue 
chimneys), ventilation stacks and refinery vessels are 
examples of such structures. The guyed structures 
are not covered here. 

14 TIME PERIOD OF VIBRATION 

Time period of vibration, 7\jf such structures when 
fixed at base, shall be calculated using either of the 
following two formulae given {see 14,1 and 14.2), 
The formulae given at 14,1, is more accurate. Only 
one of these two formulae should be used for design, 
f ime period of structure, if available, through vibration 
measurement on similar structure and foundation soil 
condition can also be adopted. 



Tit hie 5 Categorization of Industrial 
Slriictures (Typical) 

{ClauselA ) 



SI No. 



SlriiclinTS 

(2) 



Category 

(3) 



1. Adiniiiisircition luiikling 4 

2. Air washer pump house 2 

3. Air prc-healcrs 2 

4. As!i col Icclion silos 2 

5. Asii dyke 2 

6. Asii vvalei puntp luHise 2 

7. Aslnvalerrc-circuhition liuilding 2 
S, Ash/shirry pump house 2 
9, Aulo base 3 

10. Bagging and palletizing building 2 

11. Ball mill and silos 2 

12. Boiler and boiler ln)use 2 

13. liridges over rivers 2 

14. C&l mainienance stores 3 

15. C'anteeii building 4 

16. Caustic tanks 2 

17. Chiller plant 2 

1 8. Chlorine storage handling/ dozing buiUlings 2 

19. Clarilloculaior 2 

20. Ctial handling plant 2 

2 1 . Coal slurry settling pond 2 

22. Compressor foundation 2 

23. Compressor house 2 

24. Condenser polishing unit 2 

25. Construction v\orkshop 3 

26. C'ontrol and insuumentation building 2 

27. Control building 2 

28. Control building (blast resistant) 1 

29. C.\)nverters 2 

30. Conveyor gallei'ies 2 

3 1 . Cooling towers (wel and dry) and control ruom 2 

32. Corex gas station (lor co-general ion plant) 2 

33. Crustier house 2 

34. Crushers 2 

2>5. Cryogenic storage tank (double walled) I 
(ethylene) 

36. Cryogenic storage tanks with rclrigeraled 2 
liciLiefted gasses 
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Tal:)Ie 5 - - Continued 



Table 5 — Concluded 



SI No. 
(1) 



S<r lie til res 

(2) 



Cjitcji^ory 

(3) 



37. CW pump lunise 

38. DG hall 

39. Diiiy ;in(i clean oil building 
10. DM phinl 

41. E 111 iicnt trcatnieiU plant 

42. Iik'clm static ptecipiliilor" l:Sl* 

43. l:Si* control rooni 

44. l:xtriision buikling 

45. F.O. pump house 

46. V.O. storage tank and day tank 

47. fans -PA, FIX GR and ID fans 

48. riltcr 

49. I iltralion and chlorination plant 
.SO. Tire station 

.^1. I'iic tender 

52. 1 ire water jiump hou.se 

.>3. lire water reservoir 

34. Flare slack supporting strLiciure 

35. Gale and gaic house 

56, Generator transformer 

57. H, plant building 

58, Healer /I'urnace 

59. Heaters with steel rack 

r>(). Horizontal vessel/heat exchanger 

61. Intake structure 

62, Laboratory building 

03, LPG storage 

04. Main condensate storage tank 

65. Main |)lant building { IXi, BFf* including 
bunker bay) 

i^i^. Make-up \\atcr pump house and lore-bay 

(i7, Micrnvva\c lowers 

6^. Ol) ducts 

(»9. Other iion-plani buildings and utility struetuies 

70. (Jverhcad water tank 

7 1 . Pipe pedestal and cable trestles 

72. Pipe rack 

73. Pipe supports including ancliors 



SI No. 
(1) 



Structures 

(2) 



Catej^ory 

(3) 



74. 

75. 
76. 

77. 



2 


78 


2 


79 


2 


80 


2 


81 


2 


82 


2 


83 


2 
3 


84 


2 


85 


2 


86 


2 


87 


2 


88 


1 


89 


4 


90 


3 




T 


91 


2 


92 


2 


93 


2 


94 


3 


95. 


4 


96 


2 


97. 


2 


98. 


2 


99. 


-y 


100. 


7 


101. 


2 


102. 


4 


103. 


3 


104, 


2 


105. 


2 


106. 


7 


107. 



Polymerisation building 2 

Process building (closed) 2 

Process column on elevated structures 1 

Process eolumn/vessel/reactors on low 1 
RCC pedestal 

Process water storage tank 2 

Product storage sheds/building 2 

Rail loading gantry 3 

RCC chinuiey 2 

Regeneration building 2 

Scrubber 2 

Settling tanks (RCC) 2 

Sheds (tall and large span, high capacity cranes) 2 



Silos 

Smelters on RCC/steel structures 

Sphcre/hullcts 

Start-up transformer 

Storage silos (RCC/stcct/aluminuin) on 
elevated structure 

Storage tank (dome/cone root) 

Stores 

Sub.statiori 

Substation buildings 

Switch-gear building 

Switchyard 

Swilchyaid structures 

Tanks for refrigerated liquefied gases 



Technological structures in RCC/steel or both 2 



f rack hopper 

Transformers and radiator bank 

fruck loading gantry 

funnel/trenches 

Wagon Tippler 

Warehouse 

Water treatment plant 

Workshc^p 
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14.1 Hie iimdameirtal time period for stack-like 
stiuctures, 'T is given bv: 



C 



r 



WJi 



'• ^ I 



V EA.g 

wliere 

C,, -=" coclTicient depending upon the slenderness ratio 
of the structure given in 1'able 6, 

I// ::.. iQtal weight of the structure including weight 
of Uning and contents above the base, 

// ~-= height of sti'ucture above the base, 

Zi^ -^ modulus of elasticity of material of the 
structural shell, 

A ^^ area of cross-section at the base of the structural 
shelf 

For circular sections, A ^2 nrt, where r is the 
mean radius of structural shell and / its 
thickness, and 

g '= acceleration due to gravity. 

NO TKi — This rorniula Is only applicable to stack-like slructurc 
in which liic mass and stilTness are more or less uniformly 
distribuicd along the hciglU. 

14.2 'fhe fundamental time period, T of a slack- 
like structure can be determined by Rayleigh's 
approximation for fundamental mode of vibration as 
follows : 



C, 



where 

W ^ weight lumped at ith location with the 
weights applied simultaneously with the 
force applied horizontally, 

6. ^- lateral static deflection under its own lumped 
weight at /th location (chimney weight 
lumped at 10 or more locations), 

N ^ number of locations of lumped weight, and 

g -^ acceleration due to gravity. 

NOiHS 

1 An) elastic analysis proccdine like moment area theorem 
or column analogy or hiairix method may be used (or 
determining ihe lateral static detleclion c/ value. 

2 hor determining the time period of vibration of struclmcs 
resting on frames or skirts like bins, silos, hyperbolic cooling 
loAvers, rellnety columns, only liic Ibrmula given at 14,2 should 
he usetl, Appioximaie methods may be adopted to estimate 
Ihe lateral slilTncss of the frame or skirt in order to determine 
the lateral sialic dellection. Dynamic response spectrum modal 
.inalvsis will be necessary in such cases. 



N 

E ('F,5. 


N 



15 DAMPING 

The dampini; factor to be used in determining S /'> 
depends upon the material and type of construct ion of 
the structure and the strain level. The following 
damping factors are recommended as guidance for 
different materials for ilxed base condition and are 
given in the Table 7. 

16 HORIZONTAL SEISMIC FORCE 

Using the period J\ as indicated in 14, the horizontal 
seismic coefficient A^^ shall be obtained front the 
spectrum given in IS 1893(Part 1). The design 
horizontal seismic coefficient for /l,^ design basis 
earthquake (DBE) shall be determined by the following 
expression adopted in IS 1893 (Part 1) : 



S 



(R/I) 



where 



Z^ zone factor given in Annex A. This is in 
accordance with Table 2 of IS 1893 (Part 
I), 

/ = importance factor as given in 7'able 8, 

R ^ response redtiction factor as given in Table 
9. The ratio (R/l) shall not be less than 1 .0, 
and 

== spectral acceleration coefficient for rock 
and soil sites as given in Annex B. This 
is in accordance with Fig. 1 of IS 1893 
(Part 1). 

The Jiorizontal earthquake force shall be assumed to 
act alone in one lateral direction at a lime. 

The effects due to vertical component of earthquakes 
are generally small and can be ignored, fhe vertical 
seismic coefHcient where applicable may be taken as 
2/3 of horizontal seismic coefllcient, unless evidence 
of factor larger than above is available. 

The effect of earthquake and maximum wind on the 
structure shall not be considered simultaneously. 

17 DESIGN SMEAR FORCE AND MOMENT 

Either simpliHed method (that is, equivalent static 
lateral force method) or tlie dynamic response spectrum 
modal analysis method is recommended foi- calculating 
the seismic forces developed in such structures. Site 
spectra compatible time history analysis may also be 
carried out instead of response spectrum analysis. 

17.1 Simplified Method (Equivident Static Lateral 
Force Method) 

The simpliiled method can be used for ordinary stack- 
like structiu'cs. Tiie design shear force, l\ and design 
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Table 6 Values of C^ and C^, 

(Clauses 14.1 and 17.1) 



SI No. 


k = li/r^_ 


(1) 


(2) 


i) 


5 


ii) 


10 


ii) 


1 5 


iv) 


20 


V) 


25 


vt) 


30 


vii) 


35 


viii) 


40 


ix) 


45 


X) 


50 or more 



Cocnkicnt, C^, 

(3) 



Coenicient, C^ 

(4) 



14.4 

21.2 

29.6 

38.4 

47.2 

56.0 

65.0 

73.8 

82.8 

1.8A 
NO IT: — k =■■ slcnderness ratio, and 

r ^ radius o I' gyration ol^tlie structural shell at the base section. 



1.02 
1.12 
1.19 
i.25 
1.30 
1.35 
1.39 
1.43 
1.47 
1.50 



Table 7 Material Damping Factor 

{Clause 15) 



SliNo. 


Material 




DUE 


(1) 


(2) 




(3) 


i) 


Steel 




0.02 


ii) 


Rein lb reed Concrete 




0.05 


iii) 


IJrick Masonry and Plai; 


1 Concrete 


0.07 



MCE 

(4) 



0.04 

0.07 
0.10 



NOTI'S 

1 I'or claslie base represented by raft on soft soil or pile foundation, tlie damping may be worked out as weighted danijiing based on 
modal slrain energies in superstructure and substructures. As an approximation the values may be assumed as 7 percent of critical 
damping for reinlbrced concrete structures. 

2 I'or riveted steel stacks/chimneys, etc, a 5 percent of critical tiamping may be adopted to account for the frictional losses. 

3 'I'he damping values obtained from experimental tests on similar structures can also be used. 

4 In ease ol' multi-Hue RC chimneys, 3 percent of critical value for DBF:: and 5 percent for MCIS is recommended. 



bending moment, M, for such structures at a distance 
X from the top, shall be calculated by the following 
formulae: 

a) K- C ./I, W . D 

^ V ll t \' 

b) /V/= A, WHO 

^ htm 



C^ coefficient of shear force depending on 
slenderness ratio k given in Table 6, 

//, ~--- desiiin horizontal seismic coefficient 
determined in accordance with 16, 



W^=^ total weight of structure including weight 
of lining and contents above the base, 

h = height of centre of gravity of structure 
above base, and 

D , D --• distribution factors for shear and moment 

V^ 111 

respectively at a distance X from the top 
as given in Table 10. The expressions for 
these distribution for moment and shear 
along the height is given in Table 1 1 for 
use in computer programme. 

The appropriate foundation soil and pile group stiffness 
are ^^iven in Table 12. 



o 
o 



k 
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Tnbie 8 Importance Factor Applicable to Stack-Like Structures 

(Clause 16) 



SI No. 

(0 



rypc ofStructiirc 

(2) 



Smportiiiicc Fiictor 

(3) 



i) Rcinloiccd CDiicrelc veiUilalion stacks 

ii) Rcinlbrced concrete chimneys 

iii) Rc'furorced hiick niasomy chimney for industry 

iv) Un-reinibrced brick masonry chinniey lor industry 

v) Reinforcetl concrete r.V. towers 

vi) l-leclric/trarnc light poles 

vii) Steel stack 

viii) Silos 



1.5 

1,5 

1.5 

I 

1.5 

1 

1.5 

1.5 



N()TI:S 

1 In case orim|)ortaiU factor given in ^I^ablc 2 and Table 8 found diffeienl, Iiigher values shall be considered. 

2 Ihe values ot'importance factor, /given in this table are forgiudance. A designer may choose suitable values depentliiig on the 
iiTipoHaiice based on economy, strategy and other considerations. 



Table 9 Reductiou Factor Applicable to Stack-Like Structures 

(Clause 16) 



SI No. 

(1) 



Type 1' S true till e 

(2) 



Reduction Factor,/^ 
(3) 



i) 
ii) 
iii) 

!V) 
V) 

vi) 
vii) 
viii) 



Reinforced concrete, f .V. tower 
Reinforced concrete ventilation stack 
Reinforced concrete chimney 
l-vcin forced brick mastinry 
Slecl chimney 
Steel relniery vessels 
Un-rcin forced brick masonry chimney 
Reinforced electric/lrairic pole 



3.0 
3,0 
3.0 
2.0 
2.0 
2.0 
1,0 
2.0 



17.2 Dynamic Response (Spectrum Mlotlal 
Analysis) 

Tlie dynamic analysis using I'esponse spectruiii method 
shot! 1(1 be cartied out for iinportaiU stack-like 
structures. Hie number of mode to be considered in 
ihc analysis should be stich that about 90 percent of 
niodal mass is excited. The modes could then be 
combined by modal combination of corresponding 
response like shear, moment, etc. as suggested in 
IS 1893 (Part 1). The detailed dynamic analysis using 
time history shall be required where analysis is based 
on ske-specific response spectrum and compatible time 
lii.storv of ground motion. f\)r combination of three- 



cotnponent motion, sec 7.3.2.2 of Section i ' Industrial 
Structures', 

17.2.1 Mathematical Model 

The mathematical model of stack-like strtictures should 
be able to repi"esent sufficiently the variation in its 
stiffness (variation in cross-section and thickness of 
shell), hning mass and foundation modelling (that is 
foundation stiffness, soil deformations). The number 
of elements should be such as to capture the variation 
of stiffness and mass of the system. A minimum of 
ten beam elements should in genera! be sufficient. For 
axi-symmetric structures axi-symmetric Unite elements 
shall be used. 
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Table 10 Digitized Moment and Shear Distribution 
Factors D^^^ and /) along the Meight 

{Clause 17.1) 



SI No. 


A7//" 




Moment Distribut 


on (0 J 

Pile 




Shear Distribntioi 


K/^,) 






rixcd 


Soil 


I'ixed 


Soil 




Pile 










roundation 






loimdalion 


(i) 


(2) 


(3) 


(-1) 


(5) 


(6) 


(7) 




(8) 


i) 


0.00 


0.00 


0.00 


0.00 


0.00 


0.00 




0,00 


ii) 


0.05 


0.09 


0.13 


0.11 


. 0.28 


0.21 




0.14 


iii) 


0.10 


0.13 


0.19 


0.16 


0.42 


0.27 




0.19 


iv) 


0.20 


0.18 


0.27 


0.22 


0.64 


0.34 




0.26 


V) 


0.30 


0.22 


0.33 


0,28 


0.83 


0.38 




0.31 


vi) 


0.40 


0.27 


0,39 


0.33 


1 .00 


0.41 




0.35 


vii) 


O.M) 


0.32 


0.45 


0.38 


1 .00 


0.44 




0.40 


viii) 


0,00 


0.39 


0.52 


0.45 


1,00 


0-49 




46 


ix) 


0.70 


0.4K 


0.60 


0.54 


1.00 


0.55 




0.54 


X) 


0.80 


0.60 


0.70 


0.65 


1 .00 


0.65 




0.65 


,\i) 


0.90 


0.77 


0,83 


0.80 


1 .00 


0,80 




0.80 


Xli) 


0.95 


0.88 


0,91 


0.89 


1 .00 


0.89 




0.89 


X i i i ) 


1 .00 


1.00 


1 .00 


1 .00 


1 .00 


1.00 




LOO 


i) .^- 


is the disiancc 


from lop and Vr 


is the height of chimney above the base. 











Tabic n Vahiesot /:» and /> 

Ml V 

{Clause 17.1) 



S! No. Soil I'oundatioii OnulKion 

(1) (2) 



(3) 



(4) 



I'ixed base or rafl <.m hard soil 
(based on /V vnlue.s) 



0,4 



-o:6 



1.1 



■*■ 0.75 






i 0.9 



h I 



II) 



Kail on .soil 
{based on A' values) 



0.6 



0.4 



but < 1 



.^ ■■ 



■17 -"•" 



■v'l r.v 



File foundation 



0.5 



H- 0.5 



A" 


■1 

0.66 


X 


h 







-0.20 |— -(' 0.54 Y 



SI No. 
(I) 
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Ttible 12 Foundation Soil and Foundation Pile Croup Stiffness 

{Clause 17.1) 



rypc oil'oiiiidation 

(2) 



StilTncss 

(3) 



ii) 



Circiili/r raj) fouitcialion on soil : 

\) I lori/oiiiai soil sLilTncss 

2) Rocking soil stiffness (full circular rail) 

Annular raft : 

1 ) Friction pile toundation (under reamed piles not covered) 

2) Translaiionai stilTncss of piles at the base ofpile cap 



a; - 8 G/-,V3( 1 " V) 

A,^ - iji-f^j 1.27;; H- //,//"/ 2 



where 
G - 



shear modulus of soil ~ /M'^% 

shear wave velocity of the medium, 

radius of circular raft foundation, 

i^oisson's ratio of soil, 

number of piles, 

modulus ofelasticity ofpile material, 

moment of inertia ofpile section, 

characteristic length of pile, 

thickness ofpile cap or raft, and 

modulus of sul) izrade reaction of soil in horizontal direction. 



NOIl'S 

1 I'or rectangular found^ition effective radius /v, ^' J ab may be taken, where a and b are the dimension of the rectangular 
foundalion, 

2 I'or /V values > 50, ll\ed base condition may be assumed. 

3 Cla.ssil (cation of soil shall be as per IS 1 893 (Part 1 ). 

4 When soil structure interaction effects arc to be considered; shear wave velocities are l(^ be determined h\ suitable methods, 



In case of chimneys, no stiffness is considered to be 
provided by the lining, however, the mass of lining 
above any corbel is assumed to be lumped at the corbel 
level. 

NOn- — • Minimum number of elements should be adequate 
10 ensure that the model represent the fretjucncies up to 33 Hz. 

18 SPECIAL DESICN CONSIDERATIONS F OR 
RF IN FORCED CONCRETE STACKS 

18.1 fhe total vertical reinforcement shall not be less 
than 25 percent of the concrete area. When two layers 
of reinforcement are reqtnred, the outside vertical 
reniforcement shall not be less than 50 percent of the 
reinforcement. 

18.2 The total circun"iferential reinforcement shall not 
be less than 0.20 percent of the concrete area. When 



two layers of reinforcement are required, the 
circumferential reinforcement in each face sliall not 
be less than 0.1 percent of the concrete area at the 
section. 

18.3 The circumferential reinforcetnent for a distance 
of 0.2 times diameter of the chimney (from top of the 
chimney) shall be twice the norma! reinforcetnent. 

18.4 Extra reinforcement shall have to be provided 
in addition to the reinforcement determined by design 
at the sides, top, bottom and corners of these openings. 
11ie extra reinforcement shall be placed on both faces 
of the chiinney shell as close to the opening as proper 
spacing of bars will permit. Unless otherwise speciHed, 
all extra reinforcement shall extend past the opening 
a sufficient distance to develop the full bond strengtii. 
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18.5 At each side of the opening, the additional vertical 
reinforcement shall have an area at least equal to the 
established design reinforcement for one-half of the 
width of die opening. 

18.6 At both die top and bottom of each opening, 
additional reinforcement sliall be placed having an area 
at least ecjual to 0i\e-hali^ of the established design 
cii-cumferenlial reinforcement interrupted by the 
0[)ening. 

One half of this extra reinforcement shall extend 
completely around the circumferential of the chiinney, 
and the other half shall extend beyond the opening to 
a sufficient distance to develop the bars in bond. The 



steel shall be placed as close to the opening as 
practicable, but within a height not to exceed twice 
the thickness. 

18.7 Dellection Criterion 

The maximum lateral deflection of tlie top of a stack- 
like structure under all service conditions, prior to the 
application of load factors, shall not exceed the limits 
set forth by the following equation; 



where 



A, -' 0.003 // 

maximum lateral deflection, and 
height of structure above the base. 



ANNEX A 

(Clauses 8.2 and 16) 

ZONE FACTOR 



Zone Factor Z for MCE 
Seismic'^ Zone II III 

Z 0.10 0.16 

'* The /innuii is as per IS 1 893 (i'art 1 ). 



0.24 



V 
0.36 



2.0 



ANNEX B 
[Clames 8.2) 

DESIGN SPECTRUM 
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3.0 



2.5 - 



2.0 



-5* 

C 

o 

I 1.5 

O 

o 

< 

I 1.0 



0.5 



0.0 



T~'\ 



Type I (Rock, or Hard Soil) 
Type II (Medium Soil) 
Type III (Soft Soil) 




0.0 0.5 1.0 1.5 2,0 2.5 3.0 

Period (s) 



3.5 



4.0 



o 
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